Dermoscopy is a convenient tool to diagnose melanocytic lesions, especially nevus and melanoma. Various pigmented structures, including pigment network, dots and globules, and streaks, are observed in dermoscopy. Usually, 2D vertical images are used to explain the correlation of dermoscopy and histopathology. However, because the image of dermoscopy is horizontal, it is difficult for the horizontal view of dermoscopy to refer to the vertical view of histopathology. in our study, we digitally reconstructed 2D horizontal top-down view images and 3D aerial images from 50-100 serial 2D vertical sections by using high-speed scanner and 3D software in 6 cases of melanocytic lesion. Our new technology intuitively explained the histopathological structures corresponding to the dermoscopic structures. this technique could be used as a good educational tool for beginners.
Discussion
irregular network. Histopathologically, reticular nevi are benign melanocytic proliferations with pigmented, thin, and elongated rete ridges. The network of rete ridges is expected to correspond to the reticular pattern in dermoscopy 13 . On the other hand, the irregular lines of an atypical network correspond to variation in the width, length, and spacing of the rete ridges, and to tendency to confluence of nests of pigmented cells 14 . In our study, a Spitz nevus showed irregular networks in dermoscopy ( Fig. 2, upper panel) . The irregular network had more variations in width and color than did the regular network. The reconstructed 2D top-down view images of the lesion showed that confluence of nests in the epidermal-dermal junction contributed to form an irregular network. In SSM1, we were able to observe irregular network on the fringe of the lesion (Fig. 2 , upper right panel). This irregular network corresponded to the irregularly distributed pigmented cells in the rete ridges, as shown in the top-down view images.
pseudonetwork. Pseudonetwork and annular granular structures were the most frequent dermoscopic patterns among pigmented lesions of the face, irrespective of their benign or malignant nature 15 . Anatomically, the structure of facial skin has poor rete ridges, and instead, it has a large number of hair follicles. When pigmented www.nature.com/scientificreports www.nature.com/scientificreports/ Russo et al. suggested an interesting progression model for early LMM to the late LMM 4 . Namely, hyperpigmented follicular openings subsequently evolve into a granular-annular pattern, which corresponds to fine gray dots, globules and streaks around the follicles. Then, melanocytes surround and completely obliterate the follicular openings producing the dermoscopy feature of the rhomboidal structures.
Dots. Dots are small, round structures of less than 0.1 mm in diameter with their color ranging from black, brown, to blue-gray depending on the depth and concentration of the melanin in the skin 17 . Black dots are often due to melanin pigment accumulation in the stratum corneum, but can also be due to vertical stacking of melanin within the epidermis or due to heavy aggregates of melanin in small clusters of melanocytes or keratinocytes located in the upper layers of the epidermis 4, 17 .
In our study, black, small, and clearly margined dots were observed in Spitz nevus (Fig. 3) . 2D top-down view images and 3D aerial view images showed that these black dots were attributable to the densely pigmented aggregates of melanin in the cornified layer (Fig. 3) . The diameters of small black dots were less than 0.1 mm.
Globules.
Globules are symmetrical, round to oval, well-demarcated structures with a diameter larger than 0.1 mm 18 . They are expected to correspond to nests of pigmented benign or malignant melanocytes situated in the lower epidermis, at the dermo-epidermal junction, or in the papillary dermis 18, 19 . In our previous study, brown globules connected to the network were observed in dermoscopy. And the reconstructed 2D top-down view images and 3D aerial view images clearly showed that the nests of pigmented cells attached to the rete ridges in globular Nevus 9 . cobble stone pattern. When globules are not perfectly round or oval, but have angulated corners, they are called cobblestone globules 20 . In our study, this pattern was observed in Miescher nevus, which was a dome-shaped nevus (Fig. 4) . There was almost no report on the reason for appearance of this structure. While 2D vertical images exhibited only the nests of pigmented nevus cells on the upper dermis, reconstructed 2D top-down view images showed polygonal large network of rete ridges (Fig. 4) . The area surrounded by rete ridges was filled with pigmented nevus cells, resulting in formation of the polygonally shaped nests, which could be recognized as the cobble-stone pattern in dermoscopy. Homogeneously darkly pigmented lesion. Our analysis unveiled some pathological structure which was not observed by dermoscopy. For example, the nodular lesion of SSM looks homogeneous and structureless in dermoscopy. On the other hand, reconstructed 2D horizontal top-down view revealed the dilated network of rete ridges. And the area surrounded by rete ridges was packed with nests of pigmented cells as we see in cobblestone pattern (Fig. 6, depth(a) ). However, due to the irregularly reformatted network, the pattern was obscured ( Fig. 6, depth(b) ). And in the homogeneously pigmented lesion in LMM1, the reconstructed horizontal top-view image revealed the hair follicle densely surrounded by the nest of pigmented cells (Fig. 6 ).
conclusion
We reconstructed 2D horizontal top-down view images and 3D aerial view images from serial sections to explain the dermoscopic structures. Our study provides intuitive pathological explanation for the dermoscopic structure, including network, dots and globules, and streak. 
